Background -Most studies that describe circadian variations in asthma have used maximum rate of peak expiratory flow (PEF) rather than forced expiratory volume in one second (FEVy) Circadian variations in airway calibre can be assessed by various arithmetical indices -for example, differences between highest and lowest values, coefficient of variation7 -and cosinor analysis which matches biological rhythms with sinusoidal functions by depicting the acrophase (timing of the maximum value), mesor (maximum value), and the differences between the highest and lowest values (amplitude or peak to trough value). Although the maximum rate of peak expiratory flow (PEF) can be assessed with inexpensive portable instruments as a physiological index, it reflects primarily large airway calibre and is less sensitive and specific than forced expiratory volume in one second (FEVy). Until recently, however, it was not possible to record FEV1 serially, so most studies of circadian variations in asthma were conducted using PEF.7-'0 The studies in which FEV1 was assessed were carried out over short intervals of one day at a time (not serially) and results were not compared with PEF."-'5
Abstract
Background -Most studies that describe circadian variations in asthma have used maximum rate of peak expiratory flow (PEF) rather than forced expiratory volume in one second (FEVy) to assess airway calibre. This study was FEVy values were considered to be reproducible and were included in the analysis. Variations obtained using PEF did not differ from those obtained using FEV1. Significant cosinor variations were found in at least 50% of recording days for most of the subjects and showed the same features as for arithmetical indices. Daily variations in PEF and FEV1 were significantly correlated with airway calibre and PC20 methacholine (r-0 5 to -0 6). Conclusions -PEF is as satisfactory as FEV1 for describing circadian variations among normal subjects and stable asthmatic subjects.
All forms of life from cells to the most complex organisms show circadian periodicity' and this applies to airway calibre, hyperresponsiveness, respiratory symptomatology, and the effect of respiratory medication2. It has been recognised for centuries that asthma is a cyclical condition, with the typical manifestations of unstable asthma occurring during the night, as described by John Floyer in the 17th century. 3 The clinical relevance of these nocturnal events has been stressed over the past Circadian variations in airway calibre can be assessed by various arithmetical indices -for example, differences between highest and lowest values, coefficient of variation7 -and cosinor analysis which matches biological rhythms with sinusoidal functions by depicting the acrophase (timing of the maximum value), mesor (maximum value), and the differences between the highest and lowest values (amplitude or peak to trough value). Although the maximum rate of peak expiratory flow (PEF) can be assessed with inexpensive portable instruments as a physiological index, it reflects primarily large airway calibre and is less sensitive and specific than forced expiratory volume in one second (FEVy). Until recently, however, it was not possible to record FEV1 serially, so most studies of circadian variations in asthma were conducted using PEF.7-'0 The studies in which FEV1 was assessed were carried out over short intervals of one day at a time (not serially) and results were not compared with PEF."- '5 The aim of this study was to compare circadian rhythms obtained by PEF [n-2] degrees of freedom), the acrophase (timing of the highest value), and the mesor (peak to trough difference). A more suitable detection of significant rhythms was obtained by adding the last half of the previous day and the first half of the following day to the day that was kept for analysis.
The mean, maximum, and minimum values for each circadian index were obtained for each subject using both PEF and FEV1 for the two week period of recording. These values were compared using the two functional indices (PEF and FEVy) by the Wilcoxon test, and in the three groups of subjects (asthmatic subjects taking inhaled bronchodilator only, asthmatic subjects taking inhaled steroids, normal subjects) with the Kruskal-Wallis one way analysis of variance. Circadian indices were related to baseline airway calibre (FEV, %0 predicted) and PC20 in categorical values (> 128, 16 -128, 4 -<16, 1-<4, 0 25-<l, <0 25mg/ml) by regression analysis.
Results
Only two subjects (in the group requiring inhaled steroids) needed inhaled 2 adrenergic agents 2-3 times a day on average. The remaining subjects used it once a day or less (no requirement at all during the course of the study in eight of the 19 asthmatic subjects). Normal subjects were significantly younger (30 (9) years) than those in the two other groups (45 (17) and 48 (17) (B) categories of PC20 and amplitude % mean for PEF, the mean value being obtained for each subject for the two week period of recording. The r2 values are given (significance at p < 0-05 level). 0, non-asthmatic subjects (group 1); Ol, asthmatic subjects taking a bronchodilator if needed (group 2); *, asthmatic subjects on inhaled steroids (group 3).
non-asthmatic subjects, respectively. We found similar values that is, 16-6% and 14-6% for the two asthmatic groups and 8-6% for the nonasthmatic subjects ( varied from 2% to 20% in asthmatic subjects. 26 Hetzel and Clark showed that the mean amplitude was 50 9% among 56 asthmatic subjects who had just been discharged from hospital after an asthma flare-up.8 This is to be compared with mean daily amplitudes of 9 5% and 8 1% in the case of FEV, and of 8-0% and 6-5% among the stable asthmatic subjects included in our study who either required or did not require inhaled steroids. The acrophase (time of maximum value) was in the early afternoon, which corresponds to other published data,826 and did not differ using PEF or FEVy.
The main purpose of this study was not to compare circadian variations in asthmatic subjects taking inhaled steroids on a regular basis and asthmatic subjects not taking such antiinflammatory preparations. The design of our study did not allow for adequate comparison since this was not a randomised, double blind prospective study. We nevertheless included these two types of asthmatic subjects, the criteria for selection being the stability of asthma only. It is unlikely that the use of P2 adrenergic agents significantly influenced our results. Only two subjects used the preparations twice or more per day and eight of the 19 asthmatic subjects used none during the course of the study. We also excluded from analysis all data that were recorded four hours or less after inhaling a short acting P2 adrenergic agent.
Although this was not the main goal of our study, we also related circadian variations in airway calibre to baseline functional results such as spirometry and bronchial responsiveness to methacholine. Significant correlations were found between these indices, thereby confirming previous work.2728 It had no mechanism to check compliance and honesty as the data were not stored on a computer chip. PEF data can be stored with another apparatus (VMX, Clement Clarke Inc, Columbus, Ohio, USA) but it does not record FEV,.
In conclusion, it is widely accepted that airway calibre should be assessed repeatedly in asthma. Although absolute values recorded at one time or another are important, the variations shown by both of the indices described in our study are also relevant. Obtaining reference values for circadian variations among stable asthmatic subjects using PEF and FEVI -two functional indices that are widely used -can lead to useful comparisons with values obtained from asthmatic subjects who are thought to be unstable. It may well be that, in unstable asthmatic subjects, circadian variations will be more pronounced using FEV, than using PEF.
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